Introduction
The zona pellucida is an extracellular matrix surrounding mammalian oocytes and has several functions essential for fertilization, including sperm recognition, induction of acrosome reaction and prevention of polyspermy (Wassarman, 1990) . The zona pellucida has a strong immunogenicity against heterogeneous species of animals, and the antibodies produced strongly inhibit fertilization in vivo and in vitro (Tsunoda and Chang, 1978;  Sacco, 1979; Tsunoda et al, 1981) . Immunologi¬ cal analyses have revealed that the zona pellucida possesses species-specific and interspecies crossreactive antigens (Sacco, 1977; Isojima et al, 1984; Drell and Dunbar, 1984; Koyama et al, 1985) . The species-specific antigens may be related to the species-specific recognition of spermatozoa by the zona pellucida, while the crossreactive antigens may be associated with other zona pellucida functions necessary for fertilization.
It has been shown, by DNA cloning, that a mouse zona pellucida component, mZP3, possesses a polypeptide sequence conserved among different species (Ringuette et al, 1988;  Margaret and Dean, 1990; Kinloch et al, 1990) . This finding suggests that the gene encoding mZP3 is derived from a common ancestor gene. In general, it is believed that the interspecies crossreactive antigens are less likely to produce antibodies because of the T-cell tolerance to common antigens.
However, animals immunized with zona pellucida from differ¬ ent species can produce self-reactive antibodies to the zona pellucida of immunized animals (Gwatkin et al, 1977; Sacco et al, 1983; Mahi-Brown et al, 1985; Hasegawa et al, 1992) . It has been reported that canine zona pellucida not only produces self-reactive anti-zona antibodies, but also induces infertility in immunized dogs (Mahi-Brown et al, 1985) . Although it has not been confirmed, several clinical reports have shown that anti-zona antibodies can be detected in the sera of some infertile women (Shivers and Dunbar, 1977; Caudle et al, 1987 ).
These results indicate that self-reactive antibodies can be produced in animals by active immunization with interspecies crossreactive antigens. On the basis of species crossreactivity, many researchers have engaged in studies of contraceptive vaccines by using porcine zona pellucida as an antigen source in several animal species including non-human primates (Sacco et al, 1983 (Sacco et al, , 1987 Gulyas et al, 1983; Skinner et al, 1984;  Mahi-Brown et al, 1985; Dunbar et al, 1989; Liu et al, 1989;  Upadhya et al, 1989; Paterson et al, 1992) . Most (Koyama et al, 1992) , and the antigen recognized by the monoclonal antibody was found to be a peptide portion of the pZP4 glycoprotein. In addition, active immunization with pZP4 induced temporary infertility in hamsters (Hasegawa et al, 1992) . These results encouraged us to study the molecular structure of pZP4 further, with the aim of developing a contraceptive vaccine. The purpose of this study was to determine the amino acid sequence of pZP4 core protein using the technique of peptide mapping, and to confirm this by cDNA cloning.
Materials and Methods

Preparation of pZP4
Porcine zonae pellucidae were collected from minced pig ovaries by sieving them through nylon screens as described by Isojima et al (1984) and Hedrick and Wardrip (1986 (pZPl, pZP2, pZP3, pZP4) with marked heterogeneity in Mr and pi values (Fig. la) . The pZP4 glycoprotein isolated by electroelution from onedimensional SDS-PAGE gel revealed the same heterogeneity (Fig. lb) . When this pZP4 preparation was subjected to analysis of amino-terminal amino acid sequence, it was found to be X-X-X-Asn-Gln-Leu-Val-Asn-Thr-Ala-Phe-Pro-Gly-Ile-Val- Fig. la) from transblotted Immobilon P. The amino-terminal amino acid sequence was determined as Ile-Gly-Val-Asn-GIn-Leu-Val-AsnThr-Ala. From these results, 26 residues of the amino-terminal sequence of pZP4 were determined as follows: (Ile)-Gly-ValAsn-Gln-Leu-Val-Asn-Thr-Ala-Phe-Pro-Gly-Ile-Val-Thr-CysHis-Glu-Asn-Arg-Met-Val-Val-Glu-Phe. Occasionally, the first amino-terminal amino acid He was missing.
The internal amino acid sequence of pZP4 was determined by aligning the peptide sequence of the products fragmented with CNBr, endoproteinase LysC and AspN. Reverse-phase HPLC patterns of the fragments of pZP4 were obtained by these treatments (Fig. 2) . By aligning the peptide fragments with overlapping sequences, an amino-terminal 110-amino acid sequence and another ten-amino acid sequence were deter¬ mined (Fig. 3a, b) shown. An amino acid deletion in mouse ZP2 is indicated by *. The location of cysteine residues are boxed. All five cysteine residues are located in identical positions (17, 50, 68, 100, 117 (Wassarman, 1990) . However, several O-linked oligosaccharide chains were included in pZP3a and pZP3ß in pigs (Yurewicz et al, 1992) . In addition, the ligand-receptor assay showed that only pZP3a inhibited boar sperm binding to porcine zona pellucida (Yurewicz et al, 1983; Sacco el al, 1989) , whereas partial amino acid sequence analysis showed that pZP3ß included a similar amino acid sequence to mouse ZP3 (Yurewicz et al, 1992 Active immunization with pZP4 has been shown to induce temporary infertility in hamsters (Hasegawa et al, 1992) , and a monoclonal antibody (5H4) that recognized a sequential peptide epitope of pZP4 was found to strongly inhibit human sperm binding to zona pellucida in vitro (Koyama et al, 1992) . These reports suggest that pZP4 contains an antigen epitope useful for developing a contraceptive vaccine. In addition, other researchers reported that antisera raised to deglycosylated porcine ZP3 (of pZP3a and pZP3ß) interfered with fertility (Dunbar et al, 1989; Keenan et al, 1991; Paterson et al, 1992) . Moreover, Millar et al. (1989) 
